Corporate carbon management systems has become increasingly vital in controlling greenhouse gas emissions, thus whether and how corporate carbon management systems will influence carbon emissions is our ultimate focus. This paper follows the method used by Tang and Luo (2014) and data from multinational firms that participate in the carbon disclosure projects to compute the quality of carbon management systems. The empirical results show that: (1) Consistent with the law of Material Balances, the quality of carbon management systems is negatively correlated with carbon emissions, while the interaction effect is not immediate. Rather, the negative relationship will become much more obvious after two delayed periods. (2) Of the elements of carbon management system, GHG Accounting, Target, Project and Disclosure are four key factors driving the quality of CMSs.
Introduction
There is growing scientific evidence that carbon emission is the main factor for global warming, seriously threating the quality of human lives. Howard-Grenville et al. (2014) argue that the increase of organizations and industrialized production has amplified the process of climate change. Therefore, how to reduce carbon emissions effectively has become the focus of all firms. More and more corpora-
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Li Zhou and Chao Deng tions are towards environmental self-regulation. "Business-led" initiatives such as development of firm-structured carbon management systems (CMSs), participation in trade association programs emphasizing codes of carbon management, and adoption of international certification standards for carbon management, such as the International Standards Organization are becoming widespread.
Based on current carbon practices and fundamental concepts from the environmental management literature, we considered ten essential elements of a CMS just as that in Tang and Luo (2014) . These elements are as follows: (1) board function; (2) carbon risk and opportunity assessment; (3) staff involvement; (4) reduction targets; (5) policy implementation; (6) supply-chain emission control; (7) greenhouse gas (GHG) accounting; (8) GHG assurance; (9) engagement with stakeholders; and (10) external disclosure and communication. Each of these factors denotes a distinctive characteristic or perspective of a CMS and is recognized as the basis of its function in enabling the management planning convenient and in evaluating, detecting and notifying climate change concerns. To implement our quantitative examinations, we also construct ten indicators to work as proxies for each factor.
The present study contributes to the literature in several aspects. First, Tang and Luo (2014) only studied the top firms in Australia, which the sample size was small and limited. Therefore, our sample cover 45 countries spaning 2011 to 2015 five years, which can produce much more persuasive results between carbon emission and carbon management system. Second, we apply data collected from the largest provider of organizational carbon data to institutional investors and stakeholders (i.e., the CDP) to create firms' distinctive CMS quality score. The merits of CDP data mainly lie in these information are from the corporate responses to a standard questionnaire, which reduces dramatically biases rising from the self-selection of the carbon items that are disclosed by the reporting organizations. Third, our studies suggest that firms who use much more proactive mechanisms, renewable resources and prioritise actions are much more inclined to obtain better outcome. These findings may also help managers to implement the unique carbon management standards except the existing common environmental standards.
The rest of this paper proceeds as follows. The research design is presented in Section 2 and Section 3 discusses the empirical results. The final section is our conclusions. 
Research Design
The dependent variable INTENSITY is defined as the ratio of total emissions (scope1 and scope2) to total sales, this measure is more suitable across companies than those based on absolute emissions (Hoffmann and Busch, 2008 ). In the model, we also consider some variables which are commonly used in the environmental accounting researches and that possibly could be correlated with the quality of carbon management systems.
Large-scale enterprises face much more pressure from the outsiders and thus are much more inclined to create and implement a higher-quality carbon management system to reduce carbon emission and encourage stakeholder to be engaged (Anton et al., 2004) . Therefore, the variable SIZE represents firm size, and is proxied by the natural logarithm of total assets. Dowell et all. (2000) found that implementing more stringent environmental standards is positively correlated with firm's Tobin Q. Therefore, we utilize TOBINQ as a variable to represent the managers' creative abilities, measured by the total market value of shares outstanding, plus preferred shares, book value of long-term debt, and current liabilities, divided by book value of total assets at the end of fiscal year. LEV is explained by total debt divided by total assets at the end of fiscal year (Luo et al.,2012) . Return on assets (ROA) could indicate whether a firm is profitable and healthy, measured through net income before extraordinary items/preferred dividends divided by total assets (Clarkson et al., 2008) . We employ capital intensity (CAPINT) as an indicator to measure a firm's reliance on capital markets and thus a variable to reflect the pressures from common market participants (Anton et al.,2004) . CAPINT is measured as property, plant, and equipment divided by total assets. In order to measure a firm's efficiency in deployment of its assets, we use an indicator named CAPITAL_INTENS which is computed as a ratio of the capital expenditures to sales revenue generated over a given period, which also indicates how much money is invested to produce one dollar of sales revenue (Ioannou et al., 2015 ).
Sample selection and data
The initial data consisted of 7991 firms that participated voluntarily in the CDP from 2011 to 2015, total 25796 firm-year observations. We excluded 1371 repeatable observations and deleted 914 observations that did not have a Carbon Disclosure Leadership score, which is necessary to construct the CMSs. Then 2256 observations were eliminated due to the missing values for the independent variables. Furthermore, we consider the logarithmic form of dependent variable to eliminate the influence of heteroscedasticity. Finally, only 45 countries which had more than 10 observations were kept for studies (Luo and Tang, 2016) . Notice that firms in our sample are relatively bigger, and we choose them because bigger companies often have urgent emission problems. Table 1 reports descriptive statistics for the dependent and independent variables used in Eq.(1). The average value of carbon emissions is 3314591 mtons, the lowest firm is 0 and the highest is 1243614 mtons, indicating a large variation in the carbon emissions intensity across the countries. The mean natural logarithm of total assets (SIZE) is 15.21, indicating that our sample are generally formed with bigger companies. On average, ROA is almost 5% of total assets. The mean TOBINQ is 1.94, and the average LEV is 23.93% of total assets. Table 2 provides both Spearman and Pearson pair-wise correlation coefficients in the upper and lower triangle, respectively. SIZE is negatively correlated with the INTENSITY (Spearman coefficient -0.0482 and Pearson coefficient -0.0831; both of which are significant at 0.01 level) indicating that the bigger firms tend to emit much less greenhouse gas every unit sale. We find that the carbon management system firstly produce the immediate and positive impact on carbon emissions (Spearman coefficient is significantly 0.0566, while Pearson coefficient is significantly 0.0331), indicating that the contemporaneous negative effect CMS on INTENSITY is not very obvious, which is also the main point we try to explore. The Spearman correlation coefficient on Lev (0.2239) and the Pearson correlation coefficient on INTENSITY (0.1820) both show that they are significantly and positively associated with the carbon emission. In fact, those firms whose financial status are bad are inclined to endure high debts and emit much more greenhouse gas, while other financial market-related variables such as CAPITAL_INTENS, TOBINQ, ROA, CAPINT are also significantly correlated with INTENSITY. This indicates that these variables could reflect the level of financial market pressure or the information demanded for market participants, which are critical for executives in the carbon emission decisions.
Empirical Results

Descriptive statistics
The relationship between INTENSITY and the quality of CMS
The results of four FE panel models Eq.(1), using panel data are presented in Table 3 .Model (1) to Model (2) use carbon emission intensity as the dependent variable, the difference is that Model (2) contains a new variable CMSQUALITY, all the control variables are same. Model (2) shows that there is a positive connection between carbon emissions and the quality of CMS, which indicates that the adoption of carbon emission systems doesn't have an instant negative effect on carbon emission. After two periods, just as showed in Model (4), we find that L2.CMSQUALITY is significantly negative with carbon emissions. The explanation is that if suitable management systems are in place, better carbon environmental performance will increasing occur (Potoski and Prakash, 2005) . Adopting a CMS could direct the firms' attention and energy to improve their carbon environmental influence, helping firms increase opportunities to amplify performance (Hart, 1995) .What's more, the R-square in Model (4) increases a lot than that of Model (2), indicating that the quality of CMS does really impact the carbon emissions.
SIZE is found to be negative with INTENSITY, indicating that larger firms tend to have much less carbon emission intensity, which is consistent with previous studies. Possible explanation is that large-scale enterprises face much more pressure from the outsiders and thus are much more inclined to create and implement a high-quality carbon management system to reduce carbon emission and encourage stakeholder to be engaged (Anton et al., 2004) . The financial market pressure indicator (LEV) is positive for all models, which indicates that the financial market pressure will affect the carbon emission, but not very significant. Similarly, consistent with our expectation, the coefficient of ROA is negative (as is showed in model (4)), indicating a profitable firm might be less restricted by financial capital in making green decisions, are much easier to expansion or other changes such as restructuring or reengineering, and more inclined to invest low carbon projects and carbon management systems, thus leading to decreased carbon emissions. What's more, CAPITAL_INTENS is positively correlated with INTENSITY, which is because that firms with higher capital intensity tend to have high carbon emissions intensity, possibly setting a lower carbon emissions target in the future, since for such firms reducing carbon emissions might be much more difficult (Ioannou et al., 2015) . In terms of the control variables, we find that the coefficient estimates for TOBINQ, CAPINT are not significant, suggesting that they do not play a meaningful role in determining the carbon emission. Theoretically, we predict a negative association between TOBINQ and INTENSITY, but empirically the coefficient of TOBINQ is not statistically significantly different from zero. A possible reason is that the significance of TOBINQ is diluted (or substituted) when we include other factors, such as firm size, external pressures in the model.
The relationship between INTENSITY and ten elements of CMS
To further investigate the effect the quality of CMS on INTENSITY, we respectively explore the ten elements of CMS, as indicated in table 4. Model (1) to Model (10) include all the same control variables. Except that there is a positive association in Model (2), Model (6), Model (8) , the remaining models all show the negative relationship among elements of CMS and carbon emissions intensity. What's more, we find that GHG ACCOUNTING, TARGET, PROJECT and DISCLOSURE all have significant and negative effect on carbon emission intensity, indicating that these are dominant factors determining the relationship between the quality of CMS and INTENSITY. GHG ACCOUNTING, TARGET, PROJECT and DISCLOSURE these four elements constitute the carbon accounting, suggesting the role of accounting in environmental issues.
According to Tang and Luo (2014), carbon management systems includes four major dimensions: (1) carbon governance, (2) carbon operation, (3) emission tracking and reporting, and (4) engagement and disclosure. Each of these critical dimensions possesses its specific contribution to the overall quality of carbon management systems. In addition, how these dimensions and components are arranged and combined in a particular firm can affect emissions reductions. Just as showed in table 4, we find the latter three perspectives remain the main determinant and statistically significant. Different from the results in Tang and Luo(2014), we find that Accounting have the negative and significant effect on carbon emissions. On one hand, an essential part of carbon management is the calculation of the CO2 footprint and inventory, in which accounting plays an indispensable role. On the other hand, a comprehensive carbon accounting system would also assist managerial planning and encourage a manager to care much more about climate-related measures.
Conclusions
According to Tang and Luo (2014) , the framework of a CMS is consisted of four dimensions and 10 components. Our results provide further evidence about how companies in different countries would solve climate issues during the transitional period towards a green economy. We have proved that companies with a higher quality CMS will tend to reduce their carbon emissions, which means that firms with proactive mechanisms will be likely to devote resources and prioritise actions, conforming to the law of Material Balances.
These findings have important implications for further research. We need to explore the impact of corporate carbon control on firm market value, namely, an effective CMS is expected to minimise CO2 pollution and amplify shareholder wealth simultaneously. The forthcoming and increasingly stringent government regulations may have massive financial implications across the entire economy.
[ Note: Pearson (Spearman) correlation coefficients are below (above) the diagonal. ***,**,* , Correlation is significant at 0.01,0.5,0.1 levels, respectively (two-tailed). Among the variables, CMSQUALITY with two order lags. Note: The table reports FE coefficient estimates. T statistics based on robust standard errors are in parentheses.*, ** and *** represent significance at the 0.1,0.05 and 0.01 levels, respectively(two-tailed).All variables were winsorized at the 1st and 99th percentiles. Financial data are in millions of US dollars.
